There is a decline in most physiological functions with age, independent of disease. The effect of geriatric physiology on anaesthetic drug administration is briefly reviewed.
INTRODUCTION
"When faced with a wet and slippery road on a dark night, a good driver does not alter his techniques in any essential way. He merely redoubles his normal safeguards and precautions. He avoids rapid acceleration and braking, but he reaches his destination as quickly and safely as he does under good conditions." Rink wrote this about geriatric anaesthesia in 1948.
The physiological changes that normally occur with advancing age are reviewed in this paper, and the use of anaesthetic agents is discussed with these changes in mind. The way anaesthetic agents and techniques are used affects the end result much more than does the choice of the agent or the technique.
I. GENERAL
There is an overall loss in the amount of metabolizing protoplasm. Aging tissues show a decrease in the number of functioning parenchymal cells, with an increased amount and density of interstitial substances, particularly in tissues with poor capacity for division and replacement, e.g. muscle, nervous system, and kidney (Shock 1960) .
The basal metabolic rate is diminished, even in the presence of normal thyroid function (Table 1) .
Drugs which have widespread depressant effects on cells (e.g. morphine, thiopentone, halothane) may be expected to have more profound effects in elderly than in young patients; and if the drug has to be activated (e.g. digitalis, cortisone) the onset of action will be delayed.
The percentage of body weight due to fat tends to increase with age (Lasagna 1956 ). In the case of a fat-soluble drug (e.g. thiopentone) excretion is delayed as the drug is held in the fat depots of the older patient, and there is a greater tendency to drug accumulation after repeated injections. Il. BODY WATER CHANGES In the presence of normal hydration, it is likely that there are no significant changes in blood volume, plasma volume or extracellular fluid volumes, as these are dependent on body dimensions and bear little relation to age (Shock 1960) .
However, total body water volume diminishes progressively, because there is a loss ef intracellular water with advancing age. This occurs at the average rate of 0·6 per cent per year, due to the overall reduction in parenchymal tissue (Landowne and Stanley 1960) .
Drugs which are distributed to the whole of the body water (e.g. thiopentone) will have a higher final concentration in body fluids in old patients.
Ill. ALIMENTARY CHANGES Gastric secretions are diminished and the strength and rate of gastric contractions CJre less. Pancreatic enzyme secretion is also diminished. Oral premedication and analgesic administration will be expected to produce Anaesthesia and Intensive Care, Vol. I, No. 4, lvIay, 1973 variable results, for example, aSpIrIn, a weak acid, is rapidly absorbed only in the non-ionized state, dependent on the presence of gastric acid (Brown and Cass 1971) .
There is atrophy of the salivary glands, and premedication with atropine mereh' for its drying effect may be unnecessar~', IV. PULMOXARY CHA:--'GES There is, with advancing age, rigidit\, and stiffening of the bronchial tree. The amount and density of fibrous connective tissue and lymphoid 'elements in the lung increases, Pulmonary elastic recoil diminishes, and expansion is inhibited by calcific and arthritic changes in the cartilages and joints of the thorax.
Lung volumes alter progressivel\' with age. The figures in Table : 2 indicate a reduction of mobile space (vital capacity) and an increase in fixed space (residual volume). The maximum breathing capacitv is diminished, due mainly to an inability to increase ventilaton' rate (Richards 1956 
)30
Anatomical dead space increases as the diameter of the lan'nx and trachea increase, so that larger endotracheal tubes can be tolerated.
The (Payne P U 0 2 decreases with advancing I 9ti7), thus: P,,02 10:3'7--(O':!4xage) age because of increasing inequality of ventilationperfusion ratios in the aging lung (Raine 1965) . The alveolar oxygen tension remains normal, so that the fall in P a 0 2 is accompanied by a rising alveolar-arterial oxygen tension difference. The probable explanation of this phenomenon is airway closure. The lung volume at which airways begin to close rises markedly with age, due to loss of elastic reccil, and at the age of ·19 closure occurs within the normal tidal volume range, in the sitting position. Sequestrated gas equilibrates with mixed venous blood, and this constitutes a shunt. Closure occurs in the tidal volume range at an even younger age in the supine and head-down positions (Craig, Wahba and Don HJ71).
The deadspace-tidal volume ratio similarlv increases \\ith age ( Table :~ These alterations in pulmonary function may prompt the anaesthetist to (a) avoid residual curarization at all costs; (b) consider using nitrous oxide with a higher concentration of oxygen than in young patients; (c) consider assisting ventilation 111 spontaneous breathing techniques; (d) consider using a high flow rate during induction for nitrogen washout of alveolar deadspace.
V. CARDIOVASCULAR CHANGES (a) Cardiac output
Cardiac output diminishes with age at the average rate of 1 per cent per ~'ear (Landowne and Stanley 1960) . The cardiac index at 75 is 70 per cent of that at 40 years of age. Reduction of cardiac output is associated with a .·/Ilaesthesia aud Tniells;,'e Cart, 1'01. I, So. J, ,Hal', 1!173 PHYSIOLOGICAL BASIS OF GERIATRIC GENERAL ANAESTHESIA 3:n longer duration of systole, reduced stroke volume, and leads to reduction in oxygen carriage per minute (Table 4) (Shock 1961) . 
(c) Circulation time
The time for Evans blue to circulate from the antecubital vein to the brachial artery increased from 19 seconds at 23 years to 29 seconds at 82 years. The respiratory response to intravenous lobeline decreased from 7 seconds at 60 years to 16 seconds at 95 years (Shock 1961) .
Slower circulation time makes the administration of an overdose of intravenous induction agent relatively easy, unless rate of injection is reduced. The time from injection of suxamethonium to maximum neuromuscular block for endotracheal intubation may be delayed, and fasciculations may be diminished (Harrison and Junius 1972) .
(d) Regional blood flow
Peripheral resistance increases in all tissues in old age. Renal blood flow (diodrast or paraamino hippuric acid clearance) at the age of 90 is 60 per cent of that at 25. There is a relatively greater fall of renal blood flow than there is of cerebral blood flow (Fazekas, Alman and Bessman 1952) , or cardiac output (Table 5 ) (Shock 1961) .
Arteriosclerosis with narrowing will lead to reduced perfusion of some tissues, e.g. lower limbs, so that a greater proportion of drug will reach better perfused tissues (the vessel-rich group, including heart and brain). Reduced renal blood flow may impair excretion of some drugs, e.g. decamethonium, gallamine and digitalis.
(e) Blood pressure
Systolic blood pressure rises to the age of 70, then there is no further significant increase. Diastolic blood pressure is little altered in health. On tilting from the supine to the upright position, there is a greater decrease and slower recovery of blood pressure in old age (Shock 1961 ).
VI. NEUROMUSCULAR CHANGES
With increasing age, interstitial colloid is laid down in muscle, there is thickening in the sheath of elastic tissue which envelopes individual muscle fibres, and the capillary-fibre ratio significantly decreases, all implying a less favourable situation for supply of oxygen and nutrients and removal of metabolites (Shock 1952) .
The duration of motor unit potentials is prolonged, due to loss of synchrony of firing of muscle fibres in each unit; hence there is a reduction in peak tension delivered by the unit. Therefore, larger units are recruited to cope with a given load, and fatigue develops more rapidly. Grip strength at 80 years is 35 per cent less than that at 30 (Shock 1952) . Finally, the size of motor units diminishes with age, due to degeneration of some end-plates. The number of fibre,.; in tract" diminishes, and also in peripheral nerves. There is a decrease in nerve conduction vclocitv and an increase in synaptic delay witb age.'
There is an overall lessening of nervous activity wbich anaesthetic drugs have to depress. Aged patients report more pain relief from standard doses of morphine and pentazocine than the young (Bellville, Forest and Miller 1971) .
VIII. RENAL CHANGES
Although there is still sufficient reserve in renal function in old age to meet ordinary requirements, there is often a poor response to a load. It is likely that nephrons are lost as whole units, and there may be a loss of up to HO per cent of nephrons in elderly patients. l\Iaximum excretory and resorption capacity of the kidney at the age of 90 is 30 per cent of that at 30. Tuhules are less responsive to a stimulus (Shock 1 !HiO) , e.g. the inhibition of a water diuresis produced by a stal'dard dose of A.D.H. is less in the elderh'; also, the maximum osmclaritv of urine after :2J hours' deprivation of \\ater'is less (Shock 19(1) .
The glomerular filtration rate is diminished with advancing age.
Renal excretion of drugs such as induction agents, relaxants and digitalis is impaired.
IX. TDIPERATURE REGCLATION
Response to heat and cold is less effective and temperature changes ma\' occur in the elderly when they would not in the \'oung.
Adaptation IS also slower. A sluggish circulatory response is probably the most important factor, there being a partial disappearance of skin capillaries with reduced capacity for \'asocclIlstriction and V<'50dilatation.
There is atroph)' of the sweat glands (Shock 195:2) . CONCLCSIONS :\10st physiological functions, although adequate for ba~al activity, are progressively impaired in the geriatric patient, e\'en in the absence of disease. Understanding these changes is the key to safe anaesthesia for the elderly. It is not necessary to radically change drugs and methods. Modification in the light of understanding is all that is needed.
